Objective-To assess the effects of intraarticular injections of hyaluronan on symptoms ofknee osteoardtritis (OA). 
with no difference between unstratified groups treated with placebo or hyaluronan. Comparison of treatment groups stratified by age and baseline algofunctional index revealed a significant difference in favour of hyaluronan over placebo (pain, The total social costs of osteoarthritis in the United States have been estimated to approach 1% of the gross national product.' Treatment of this condition includes walking aids, training, physical therapy, pharmacological agents, and surgery. Many of the commonly practised non-invasive, non-pharmacological methods lack adequate documentation of efficacy.2 Surgical methods of preserving and restoring articular cartilage are practised, but their effectiveness has only rarely been proven in randomised, controlled trials.3 Joint arthroplasty is an excellent treatment for advanced knee osteoarthritis,' but is costly and not suitable for all patients. Analgesics and nonsteroidal anti-inflammatory drugs (NSAIDs) are used widely, but their efficacy has been questioned,5-8 and the frequent and serious adverse effects of NSAIDs in the elderly have recently been highlighted.9-"1 These problems have stimulated a search for alternative, symptom modifying drugs for use in osteoarthritis. Hyaluronan is a natural constituent of joint fluid and all connective tissues. Randomised, controlled clinical trials of intraarticular injections of hyaluronan for knee osteoarthritis have shown variable results, those from some trials suggesting long lasting pain relief,'2-14 while others have failed to show a difference between hyaluronan and placebo. '5 16 These trials have included patients of varying age and with varying disease severity, ranging from those with cardlage changes and knee pain, but no radiological signs of osteoarthritis,'6 to patients with classical osteoarthritis. " We have studied 240 patients with symptomatic, radiological osteoarthritis of the knee in a randomised, placebo controlled, double blind, multicentre clinical trial, and compared the effect of intra-articular injections of hyaluronan and placebo on knee symptoms and function. Patients at each centre were allocated randomly to two parallel groups of equal size, one of which received five weekly injections of the active substance, hyaluronan, and the other an equal number of injections of vehicle only. All patients had a clinical history of symptomatic, radiologically verified unilateral osteoarthritis of the knee (50-100% obliteration of the medial tibiofemoral joint space without bony erosion on anteroposterior standing films at 10-150 flexion, taken within six months of the start ofthe study). Each centre aimed to recruit at least 12 patients who were suitable for treatment efficacy evaluation. The hip-kneeankle angle at baseline was calculated for all patients from anteroposterior fully weight bearing radiographs, in order to obtain an assessment of the degree of angular deformity; it was measured as the lateral angle between a line drawn through the midpoint of the femoral head and the tibial spines, and a line drawn through the midpoint of the tibial spines and the talus. An angle of more than 1800 denotes a varus knee alignment. Minimum Routine blood and urine laboratory values were investigated at a visit about three weeks before the start of the study, and again one week after the last trial injection. After the study start, patients were seen weekly for five weeks (weeks 0-4), at one week after the last injection (week 5), and at 13 and 20 weeks after the first injection. Age (yr) At weeks 0, 1, 2, 3, and 4, the patients were given an intra-articular injection of 2-5 ml of active drug or placebo. A small amount of local anaesthetic was used to anaesthetise the skin before the intra-articular injection, and any effusion was aspirated before the injection. The patient was blinded to the injection of drug or placebo. The injection was given by an investigator who took no part in the safety or efficacy assessments either before or after the injections. The examiner responsible for safety and efficacy assessments was not present during the treatment. In this way, neither the patient nor the examiner was aware of the nature of the treatment, and appropriate double blinding was asssured.
Concurrent and escape medication in the form of simple analgesics (for example paracetamol), in addition to non-steroidal antiinflammatory drugs, was allowed during the trial, and the identity and amount of drug taken was noted in the case record forms at each visit. No additional intra-articular injections in any of the knees were allowed during the study. Clinical assessments were performed immediately before aspiration of the joint and injection at weeks 0-4, and at weeks 5, 13, and 20 after the first injection.
Primary efficacy variables were an algofunctional index,'9 together with 100 mm VAS values for knee pain, range of motion, activity level, and total knee function on the day of examination as assessed and marked by the patient at each visit. The algofunctional index has been validated for knee osteoarthritis and is based on three parts that separately assess knee pain, walking distance, and activities of daily living function, each on a scale of 0-8, so that 0 represents no pain and full function, and 24 represents maximal pain and disability.'9 Secondary variables were: activity level and a knee function score examined at 0 and 20 weeks;22 23 a score based on a standardised clinical examination of the knee; quantity of concurrent medication; global assessment by patient and examiner; number of leucocytes in joint fluid, and volume of joint fluid aspirated.
A checklist and direct question technique to monitor adverse events and local reactions was used by an examiner blinded to the treatment. Any serious adverse events were reported to the principal investigator and the sponsor, and the possible need to withdraw the patient from the study was considered. POWER Participants from all centres met before the start of the study in order to standardise the injection technique and assessment procedures. All case record forms to be filled in by the patient were translated into the local language, while case record forms to be filled in by the investigators were in English.
Verification of source data was made near the completion of the study. An extensive data validation programme was used to check for inconsistent data in the computer based data file.
Statistical evaluations were 'per protocol' (that is, considering all inclusion and exclusion criteria), and by the 'intention to treat' principle, whereby all patients included and randomised (except one lost to follow up) were used. In the per protocol evaluations, patients were included who had at least four injections (any experiencing early treatment failure resulting in termination of treatment before injection four because of lack of effect were excluded), baseline VAS for pain more than 10 mm, baseline algofunctional index equal to or more than 4, and no major protocol violations. All tests were two sided and p values less than 0 05 were considered significant; between group differences and correlations that are described as significant were always significant at p < 0*05. No adjustments for multiple comparisons were made. The method of carrying forward the last value for each variable was used to avoid having missing values at the different time points.
Non-parametric methods were used, as they do not rely on the assumptions of normality and linearity that tests such as analysis of variance and ANCOVA do. Wilcoxon two sample tests were thus used for all continuous or ordinal data. In order to adjust for possible differences at baseline (regardless of whether these were significant or not), the changes from baseline values were used for Lequesne plemented these with an overall measure of treatment effect using an area under the curve (AUC) technique. This was used for Lequesne algofunctional index and VAS scores. An interpolation between the observations for each patient up to the last visit before day 185 was made, and the mean change from baseline up to the last measurement was calculated. This constituted a theoretical mean decrease in the measurement variable experienced by the patient for the whole 20 week study period up to the last visit. The results of these calculations were compared between treatment groups using Wilcoxon two sample tests.
For analysis by the intention to treat principle, the last valid value up to day 185 was used for the change in Lequesne index, global assessments by patient and investigator, and changes in VAS scores. This was also the case for the four subgroups generated by stratification for age (less than/greater than 60 years) and baseline Lequ&sne index (less than/greater than 10).
Results

NUMBER OF PATIENTS, BASELINE DATA
A total of 240 patients from eight centres were included in the study. The table shows the patient characteristics at baseline for all patients randomised to the treatment groups. The treatment groups were comparable with respect to all variables, but there were minor but statistically significant differences for osteoarthritis stage'8 and medial joint space width.
TREATMENT EFFICACY FOR UNSTRATIFIED GROUPS
At 20 weeks, both groups had improved compared with baseline by per protocol analysis of all patients suitable for efficacy evaluation (fig 3) . There were no differences between the hyaluronan and placebo groups with regard to the measures of efficacy when no stratification was made. Analysis of data by intention to treat principles gave similar results. Because of the significant interactions observed for age and baseline algofunctional index, stratifications by age and baseline algofunctional index were made as described to yield four subgroups of approximately similar size.
TREATMENT EFFICACY FOR STRATIFIED GROUPS
Differences between treatment groups at discrete evaluation time points are not reported, unless a significant difference was also found for the variable in question by the AUC technique of data analysis. No significant differences between treatments were found for VAS range of motion and VAS knee function.
Visual analogue scales for pain-The older age group (over 60 years) with a baseline Lequesne algofunctional index of more than 10, exhibited uronan over placebo for this stratified subgroup was again confirmed by intention to treat analysis (p = 0 037). When analysed by AUC, the younger subgroup with a baseline Lequesne index of 10 or less exhibited a difference in favour of placebo (p = 0038). Placebo was also favoured at weeks 5 (p = 0 023) and 13 (p = 0 018) for this subgroup. There were no differences between treatments for the other subgroups.
Lequesne index of severity of knee diseaseHyaluronan was superior to placebo at weeks 4 (p = 0001) and 13 (p = 0-030) for the subgroup older than 60 years and with a baseline Lequesne index greater than 10 ( fig 6) . Analysis ofAUC revealed a mean reduction for the whole treatment period of 20 weeks in the hyaluronan treated patients of 3-5 units, compared with 19 units for placebo for this subgroup (p = 0-028) (fig 6) . Analysis by intention to treat confirmed the advantage for hyaluronan over placebo (p = 0025). There were no important differences between hyaluronan and placebo treatment for the other three subgroups, assessed at discrete time points or by AUC, or by per protocol or intention to treat.
A significant correlation coefficient of 0-68 (Pearson's) was found between pain assessed at 20 weeks by VAS and pain assessed by the pain section of the composite algofunctional index. 9 Global assessments by patient and investigator-Stratification only by age yielded two subgroups in which the group older than 60 years showed an advantage for hyaluronan over placebo at the last visit (20 weeks) for global assessments (patient p = 0-019, investigator p = 0 024). For the subgroup older than 60 years and with baseline Lequesne index more than 10, hyaluronan showed a consistent pattern of superiority over placebo for both patient and investigator global assessments (data not shown), but statistical significance was observed only at week 20 (patient p = 0 037, investigator p = 0-027). Analysis by the intention to treat principle confirmed this advantage for hyaluronan (p = 0-042 and p = 0-027 for patient and investigator assessments, respectively). No differences between hyaluronan and placebo were found for the other subgroups.
LABORATORY EXAMINATIONS, ADVERSE EVENTS, CONCOMITANT MEDICATION
There were no differences of clinical importance between the two treatment groups with regard to blood and urine analysis.
No serious adverse events were reported, and no differences were found between the treatment groups in the frequency of other adverse events. However, there was a significant difference in favour of placebo when the maximum severity of injection site swelling was assessed (p = 0-041). Seven patients (five receiving placebo and two receiving hyaluronan) discontinued the treatment before their fifth injection because of adverse events.
No difference emerged with regard to consumption of analgesics or non-steroidal antiinflammatory drugs, for any reason, between the two treatment groups.
Discussion
Osteoarthritis is a heterogeneous condition, with a sometimes limited correlation between pathoanatomical features and the degree of symptoms. The specific sources and mechanisms of pain generation in the osteoarthritic joint are not clear and may, for example, be different in early and advanced stages of the disease.
Part of the conflict in the interpretation of the results of published trials of intra-articular injections of hyaluronan in knee osteoarthritis may arise from the inclusion of different osteoarthritic populations, or lack of adequate definition and description of the patient population included in the trial. Varying degrees of blinding and different methods of assessing outcome may add to the reported variation in efficacy. For example, while some trials have included patients with a combination of symptoms and radiological signs of knee osteoarthritis and reported the proportions of these groups,'4 15 another trial focused only on younger patients with knee cartilage changes observed by arthroscopy in combination with symptoms suggestive of early stage osteoarthritis, but without radiographic signs of osteoarthritis. ' 6 In yet other trials, the inclusion criteria and distribution with regard to osteoarthritis stage or the age of the patients have not been well described.'2 13 24 Other notable differences between published trials are the inclusion of patients with uni-or bilateral disease, and varying follow up times. All these differences complicate comparison and interpretation of the clinical trial data.
Yet another problem in trials involving intraarticular injections is the considerable placebo effect of injections and the resulting need to ensure blinding of both patient and examiner. 25 In the present study, the patient was blinded to the type of injection given, and the investigator giving the injection did not take part in the examination of the patient before or after the injection. We therefore believe that our trial was appropriately masked with regard to both patient and examiner.
Only one previous trial has attempted to stratify the patients with regard to disease severity and outcome, '5 and In the present trial, the rate of premature discontinuation of treatment was eight in 240, or 3%. We have stratified for baseline age and Lequesne index of severity of knee disease. These variables were chosen because of significant interaction,2' their ease of use in clinical work, and their potential relevance. Importantly, we found no interaction for gender or centre. The number of patients with a radiological stage II according to Ahlback'8 was too small to form a basis for stratification. As there was no centralised reading of radiographs, we judged the precision of the medial tibiofemoral joint space measurements (in mm) to be too poor to form a basis for stratification. Estimates of synovial fluid volume based on the amount withdrawn were also deemed too uncertain to be relied on for stratification purposes. 27 We found no differences between the treatment groups in the unstratified data. However, the subgroup older than 60 years and with a baseline Lequesne index of more than 10, showed a consistent pattern of improvement in favour of hyaluronan over placebo. Significant advantages for hyaluronan were found with regard to VAS scores for pain and activity level, Lequesne algofunctional index, and the global assessments by patient and examiner. These differences were reproduced both at discrete time points during follow up, and when assessed as mean treatment effect over the 20 week trial period by AUC measurements. Moreover, analysis by intention to treat principles of data for all randomised patients confirmed all the findings reached by analysis per protocol. No clinically relevant differences between treatments were found within the other stratified subgroups.
In a previous randomised, controlled, double blind clinical trial, we studied the effect of intra-articular hyaluronan injections in patients 30-64 years old with arthroscopically visible cartilage changes and chronic knee pain, but without radiological signs of osteoarthritis.'6 The mean age of the patients in that trial was lower than that in the present trial (45 years and 58 years, respectively). Comparison of the patient data for the measurements of knee joint alignment (mean hip-knee-ankle angle 1820, compared with 1860 for the present trial) and medial tibiofemoral joint space (mean 4 5 mm, compared with 2-3 mm for the present trial) confirmed the differences in the groups found by radiographic scoring according to Ahlback. 8 The treatment protocol, drug, and blinding procedures were identical in the two trials and similar visual analogue scales for pain and activity were used in both trials. We conclude from these two trials (of 52 and 20 weeks duration, respectively) that young patients with moderate symptoms and no or only early stage radiographic signs of osteoarthritis do not seem to derive any benefit from hyaluronan injections over that given by placebo injections only. This outcome contrasts with the significant benefit for hyaluronan over placebo that we found for older patients with definitive radiographic signs of osteoarthritis and significant symptoms. The results of both trials were confirmed by intention to treat analysis and the combined dropout rate in the two trials was 12 patients out of 292, or 4%0. Although these results would appear to be statistically robust, their validity should be tested by trials focused on the responder group identified here.
For the stratified subgroup in which we found a significant advantage for hyaluronan over placebo, the mean improvement over the 20 week observation period was 3 5 units by the Lequesne index. The mean improvement over 20 weeks in VAS pain was 23 mm, and for VAS activity the mean improvement was 28 mm. The mean maximum improvements for this subgroup were 4 units, 37 mm, and 29 mm, respectively. A mean improvement in Lequesne index by 3 5 units over 20 weeks could, for example, be described as a complete loss of night pain combined with at least a doubled maximum distance walked.'9 This might be regarded as a clinically relevant effect.
The reasons for the apparent difference in treatment efficacy by intra-articular injections in the stratified subgroups in this trial are unclear to us. However, the mechanisms of pain generation in the osteoarthritic joint are unknown, and might differ at different stages of disease development. In comparison, a short term trial of tiaprofenic acid and naproxen in osteoarthritis found responder rates of 52% and 590%, respectively, with different responder characteristics for the two nonsteroidal anti-inflammatory drugs.28 Individual responder characteristics were also identified in an 'n of 1' clinical trial comparing paracetamol and naproxen for osteoarthritis.'
Finally, we may only speculate on the mechanisms by which hyaluronan exerts its symptom modifying effects in this setting. We now know that many cells carry receptors for hyaluronan and that the molecule may affect cell-cell, cell-matrix and cell-receptor-ligand interactions.29 For example, interference with the hyaluronan receptor CD44 abrogated tissue oedema and leucocyte infiltration in a murine arthritis model. 30 Other investigators have suggested that the viscoelastic properties of hyaluronan might act in lubrication at the joint surfaces.3' There is, as yet, little evidence to support any of these mechanisms as an explanation for the symptom relieving effects of intra-articular hyaluronan injections in osteoarthritic joints. Any hypothesis proposed would have to take into account the short intraarticular half life of the bulk of the injected hyaluronan,32 and the apparently long duration of the treatment effect. 
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